This study examines, using an in vitro tissue bath technique, the nature of the transmitter mechanism(s) in the pig cerebral artery. Of the ar teries with intact endothelium, about 25% relaxed on application of acetyl choline (ACh) at low concentration (3 x 10-7 to 3 x 1O-6M) and constricted at concentrations exceeding 10-3M. The remaining arterial preparations either constricted (61%) or exhibited no response (14%) at any concentration of ACh tested (3 x 10 -7 to 3 x 10-3M). On the other hand, none of the arteries without endothelium relaxed at any concentration of ACh tested (3 x 10-7 to 3 x 1O-3M); of these, 90% constricted and 10% exhibited no response. These re sults show that ACh-induced cerebral vasodilation is dependent on endothelial cells and the direct action of ACh on the vascular smooth muscle cells is constriction. Contrary to findings in the large cerebral arteries of the cat and several other species, about 90% of the pig cerebral arteries, with or without endothelium, dilated upon application of norepinephrine (NE) at low concen tration (107 to 3 x 1O-5M) and constricted at concentrations exceeding 3 x 10-5M. The NE dose-response relationships were not different in arteries with and without endothelial cells, indicating that the NE-induced vasodilation was independent of the endothelial cells. The relaxation and constriction were
blocked by the respective 13and a-receptor antagonists, suggesting that both responses resulted from direct stimulation by NE of 13 and a receptors on the smooth muscle cells. Transmural nerve stimulation (TNS) consistently induced vasodilation of the arteries whether or not the endothelial cells were present. The vasodilation was abolished by tetrodotoxin (TTX) and cold storage dener vation. The TNS-induced vasodilation was not smaller in arteries without en dothelium than in those with endothelium. This suggests that TNS-induced vasodilation was independent of the endothelial cells. When examined his tochemically, the pig cerebral artery exhibited rich catecholamine fluores cence. Biochemical assays indicate that NE is the primary catecholamine. However, the TNS-induced vasodilation was not affected by atropine, guanethidine, or propranolol, nor prevented by reserpine. It is suggested that an as yet unidentified transmitter is responsible for the TNS-induced vasodila tion. Results of this study suggest that the nerve-released ACh is a potential vasoconstrictor transmitter and that NE is a potential vasodilator transmitter in the large cerebral artery of the pig. The neurogenic control of the pig cerebral circulation may be different from that of other species, including humans. Key Words: Acetylcholine-Endothelium-Intrinsic muscle tone-Neurogenic vasodilation-Pig cerebral artery.
Strong evidence indicates that cerebral blood vessels Qf several species receive adrenergic, cholinergic and peptidergic nerves (Edvinsson et aI. , 1972; Lee et aI. , 1975 Lee et aI. , , 1978 Lee et aI. , , 1980 Florence and Bevan, 1979; Duckles, 198 1; Larsson et aI. , 1976; Edvinsson et aI. , 1980; Lee, 1981b Lee, , 1982a . The pattern of neurogenic response, however, varies greatly among species (Duckles et aI. , 1977; Lee, 1982a) , and the transmitter substance for both con striction and dilation has not been positively iden tified. In the cat cerebral artery, transmural nerve stimulation (TNS) elicited only vasodilation, which was not affected by guanethidine, atropine, physostigmine, and hemicholinium (Lee et aI. , 1975 (Lee et aI. , , 1978 Lee, 1982b) . These results do not sup port the hypothesis that acetylcholine (ACh) is the dilator transmitter (Owman et aI. , 1974; Kuschin sky and Wahl, 1978) . Acetylcholine, in fact, is suggested to be a constrictor transmitter in the cat cerebral artery (Lee, 198 1a, 1982b) . In the rabbit basilar artery, transmural stimulation of the s ym pathetic nerve induced vasoconstriction, which was partially resistant to a-receptor antagonists (Lee, 1982a) .
Since the pig has been reported to correspond most closely to humans in cardiovascular physiol ogy (Beglinger et aI., 1975; Dodds, 1982) , the transmitter roles of norepinephrine (NE) and ACh in the pig cerebral arteries were examined. The re sults demonstrate that, in the pig large cerebral ar tery, ACh is a likely constrictor transmitter and NE is a potential dilator transmitter. Preliminary ac counts of this work have been presented (Lee, 1981a; Lee and Sarwinski, 1982) .
METHODS
Sixteen Yorkshire pigs (20-30 kg) , between 4 and 5 months old and of either sex, were anesthetized with in novar (Innovar-Vet®; 0.07 mllkg, i.m.), ketamine (Ketaset®; 100 mg/kg, i.m.) and a mixture of halothane (1.5%), N20 (50%), and O2 (50%), and exsanguinated. In addition, five of them received atropine (0.02 mg/kg, i.m.) prior to exsanguination. Three cats (2-3 kg) of either sex were anesthetized with pentobarbital sodium (Nem butal®; 50 mg/kg) and exsanguinated. The entire brain, with pial arteries attached, was rapidly removed and place in Krebs bicarbonate solution equilibrated with 95% O2 and 5% CO2 at room temperature. Ring segments (4 mm long) of the arteries were care fully cannulated with a stainless steel rod (30-gauge) of hemispherical section and a short piece of platinum wire and mounted in an isolated tissue bath containing 30 ml Krebs bicarbonate solution at room temperature. The platinum wire was bent into an inverted U shape and anchored to a plastic gate, which could be moved up and down by a fine control micrometer (unislide series AI500). The steel rod was connected to a Statham strain gauge (G lOB, 0.15 oz) for isometric recording of changes in force. After 10 min the temperature of the Krebs bicar bonate solution was gradually increased to and main tained at 37°C. Resting tension was then adjusted to 0.5 g and a period of 1 h was allowed for equilibration. A pair of stimulating electrodes, one on either side of the vessel, was arranged for TNS, which was delivered across the electrodes via a stimulator (Grass 88); a modified coupling device (see Duckles and Silverman, 1980) provided a low source impedance. Stimulation parameters (trains of 100 biphasic square wave pulses of 0.3 ms, 160 rnA across the electrodes) were selected to achieve supramaximal nerve stimulation. Actual stimulation parameters were moni tored with an oscilloscope (Tektronix). Two adjacent segments of arteries were always used to compare the responses of arteries with and without endothelium to drugs and TNS.
Whereas the dilator response to stimuli may be weak or absent in a resting arterial segment, it can be demon strated in actively constricted vessels. The active muscle tone may be intrinsic or extrinsic (Lee et aI., 1975 (Lee et aI., , 1978 . Although the underlying mechanism is unknown, intrinsic muscle tone appears in some arteries after they are stretched to 400-600 mg (Lee et aI., 1975) . The extrinsic active muscle tone of about 300-1000 mg was induced by several vasoactive agents such as serotonin (5HT) and prostaglandin F2a (PGF2).
At the end of each experiment, a dose of papaverine (3 x 1O-4 M) was given to maximally relax the artery. All arterial segments were stored in 2.5% glutaraldehyde to be prepared for scanning electron microscopic examina tion of their luminal surfaces.
Frequency-response relationships
The dilator responses of a given intracranial artery preparation to a set of TNS at 1, 2, 4, 8, 16, and 32 Hz in random sequence were elicited without changing the bath solution. A period of 10 min was allowed between stimu lations. Each dilator response to TNS was expressed as a percent of the relaxation induced by papaverine. The neurogenic response component was defined as that por tion abolished by tetrodotoxin (TTX) or cold storage de nervation.
Dose-response relationships
Dose-response relationships (relaxation and contrac tion) for ACh were obtained by a cumulative technique in the arteries with active muscle tone. The doses that pro duced 50% of the maximum relaxation or contraction (ED5o values) were determined for each arterial ring. From these values the geometric means for ED50 with 95% confidence intervals were calculated (Fleming et aI., 1972) .
Removal of the endothelial cells
The endothelial cells of the arterial ring segments were mechanically removed by a brief, gentle rubbing, in a back and forth motion, of the intimal surface with a stainless steel rod having a diameter (2S-to 30-gauge) equivalent to the lumen of the arteries. The surface of the stainless steel rod was slightly roughened by using sandpaper (Carborundum 320) before the experiment.
Scanning electron microscopy
Segments of freshly dissected arteries (3-4 mm long) and those from in vitro tissue bath studies were fixed in 2.S% glutaraldehyde in phosphate buffer at 4°C for at least 1 week. The tissue was cut longitudinally into halves with a pair of microscissors under a dissecting microscope. The tissue was processed by the O-T-O-T-O method with alternating changes in buffered 1.S% and aqueous 1% OsO. solutions and saturated thiocarbohydrazide, fol lowed by a graded series of ethyl alcohol dehydrations and critical-point drying (Malick and Wilson, 1975) . The specimens, glued to aluminum stubs with silver paint, were examined with a Hitachi S-SOO scanning electron microscope. Photomicrographs were taken at ISO, SOO, and J,OOO x.
Fluorescence microscopy
Freshly dissected arteries, in whole-mount prepara tions, were treated with glyoxylic acid to induce cate cholamine fluorescence (Lindvall and Bjorklund, 1974) .
Reserpine pretreatment
Five pigs were treated with reserpine (Serpasil®; 0.1 mg/kg/day, i.m.) on the first day, followed by a second dosage regimen of O.OS mg/kg/day, i.m., beginning the second day for 13 consecutive days. The animals were sacrificed 24 h after the last injection of reserpine.
Catecholamine content
Catecholamine content of the pig cerebral arteries was assayed by the modified radioenzymatic method of Da Prada and Zurcher (1976) as described previously (Lee et aI., 1980) .
Cold storage de nervation
Freshly dissected arterial segments were stored in Krebs bicarbonate solution, pH 7.4, at 4°C for 6 days to achieve cold storage denervation (Lee et aI., 1978) .
Statistical methods and drugs
The data were evaluated statistically by Student's t test for paired and unpaired samples, as appropriate. The fol lowing drugs were used: serotonin creatinine sulfate (Cal biochem), acetylcholine chloride (Calbiochem), papav erine hydrochloride (Milan), propranolol hydrochloride (Ayerst), tetrodotoxin (Sankyo Tokyo), guanethidine sulfate (ClBA), atropine sulfate (Calbiochem), physo stigmine salicylate (S. B. Penick), innovar (Innovar-Vet; Pitman-Moore), ketamine hydrochloride (Ketaset; Bris tol), and I-norepinephrine bitartrate (Calbiochem).
RESULTS

Intrinsic muscle tone
With and without endothelium, the basilar (8 of 20), middle cerebral (6 of 14), anterior cerebral (4 of 11), internal carotid (9 of 21), and posterior com municating arteries (7 of 9) contracted spontane ously (stretch-induced phasic contraction, SPC) on sudden mechanical stretch at the 100-200-mg in crement (Fig. 1) . The arteries then relaxed to the resting tension. About 10 to 30 min after the resting tensions were gradually readjusted to 500 mg, some of these arteries again developed active muscle tone or stretch-induced tonic contraction (STC) of 0.2-0.5 gm (Fig. 1 ). This intrinsic tonic contraction, once developed, persisted at a steady level until the tissue was washed with fresh Krebs solution. A few tissues again developed STC after washing.
Responses to acetylcholine
On application of ACh, pig cerebral arteries with endothelium produced a pattern of responses that was variable and inconsistent among arteries from the same and different brain regions. Of the arterial preparations with intact endothelium in the pres ence of intrinsic or drug-induced active muscle tone, 25% relaxed on application of ACh at a low concentration (3 x 10-7 to 3 x IO-6M) and con stricted at concentrations exceeding IO-5M; 61% constricted upon application of ACh at any con centration tested (10-7 to 3 x 1O-3M); and the re maining 14% did not respond to ACh (Table O. On the other hand, similar to the cat cerebral arteries (Lee, 1982b) , all the arterial preparations without endothelial cells in the presence of intrinsic or
The stretch-induced phasic contraction (SPC) of a pig brain artery with endothelium was elicited upon a sudden stretch of about 250 mg. The contraction gradually de creased and reached the stretched tension. About 30 min after the resting tension was raised. by stretching to 500 mg. the muscle tone or stretch-induced tonic contraction (STC) gradually increased and reached a plateau. which was usu ally maintained until the preparation was washed with new Krebs solution. 
a Basilar, middle cerebral, anterior cerebral, internal carotid and posterior communicating arteries. b Arteries taken from animals that did not receive atropine before sacrifice. C Arteries taken from animals that did receive atropine (0.02 mg/kg, i.m.) before sacrifice. Numbers in parentheses indicate total number of arterial preparations examined. All values represent number of arterial preparations corresponding to that mode of response on stimulation in the presence of active muscle tone.
drug-induced active muscle tone constricted exclu sively on application of ACh at any concentration tested (3 x 10-7 to 3 x 1O-3M) ( Table 1 ; Fig. 2 ). Both relaxation and constriction induced by ACh were blocked by atropine (3 x 1O-6M) (Fig. 3) . In arteries taken from animals pretreated with at ropine, only 2 of 15 preparations with endothelial cells and none of the preparations without endothe lial cells relaxed in response to ACh. In a few ar teries, ACh caused no response (Table 1) .
Responses to norepinephrine
In the presence of intrinsic and drug-induced ac tive muscle tone, NE at low concentration (3 x 10-7 to 10-5M) consistently relaxed all but a few pooled cerebral arteries with endothelium (37 of 45) and without endothelium (24 of 29) (Figs. 2, 4, and 5; Table 1 ). The arteries began to constrict when NE concentration exceeded 3 x 10-5M. The NE dose response relationships for vasodilation were not different in arteries with and without endothelial cells (Fig. 5 ). The geometric means of NE EDso val ues for arteries with and without endothelium were 6.2(2.2-17.9) x 1O--7M and 6.2( 1.8-10.9) x 1O-7M, respectively (p > 0.5, paired t test, n = 6). In the presence of propranolol (l0-6M), NE-induced re laxation was partially blocked (Figs. 2 and 4). The blockade was complete with a high concentration of propranolol (l0-5M). Under this condition, NE in duced constriction exclusively (Fig. 4 ). Further- No.4, 1982 more, in the absence of active muscle tone, NE induced only vasoconstriction, which was blocked by phentolamine (3 x 1O-6M) and potentiated by propranolol (3 x 10-6M) (Fig. 6 ). In the arteries with or without endothelial cells that constricted on ap plication of ACh, NE still caused relaxation ( Fig. 7) . NE caused no response or small constriction in only a few arteries. Similar results were observed in arteries taken from animals pretreated with atropine (Table 1) .
In a parallel study on the cat cerebral arteries with and without endothelial cells, in the presence of serotonin-induced active muscle tone, NE con sistently induced vasoconstriction (not shown).
Responses to transmural nerve stimulation
The pig cerebral arteries with or without en dothelium from various brain regions consistently relaxed on TNS in a frequency-dependent manner (Figs. 2, 3, 4, 7, and 8) . TNS-induced relaxation is significantly greater in arteries without endothelium than in those with endothelium, especially at 4 Hz (Fig. 8 ). The dilator responses to TNS, but not to exogenously applied ACh and NE, were abolished by TTX (Figs. 3 and 10) or cold storage denervation ( Fig. 9) , indicating that the TNS-induced dilator re sponse was of neurogenic origin. The TNS-induced dilator response was not affected by atropine ( Fig.  3) , propranolol (Fig. 4) , and guanethidine ( Fig. 10 ; Table 2 ). Chronic reserpine pretreatment also did A. not prevent the TNS-induced vasodilation (not shown). In only a few arterial preparations did TNS elicit no response or vasoconstriction (Table 1) .
Fluorescence microscopy
Whole-mount preparations of normal pig cerebral arteries (basilar, middle cerebral, anterior cerebral, internal carotid, and posterior communicating ar teries) exhibited a dense network of fluorescence typical of an adrenergic nerve plexus ( Fig. lla, b , and c). The fluorescence disappeared in the arterial wall of the preparations taken from animals pre treated with reserpine ( Fig. ltd) .
Catecholamine content
Direct measurement of the endogenous catechol amine content indicates that pooled samples (n = 3) of pig cerebral arteries (internal carotid, middle ce rebral, posterior cerebral, and basilar) contain primarily NE (0.77 ± 0.20 j.tg/g) and a very low concentration of dopamine (0.06 ± 0.0 1 j.tg/g) and epinephrine (0.0 1 ± 0.00 j.tg/g).
Scanning electron microscopy
The endothelial surface of the pig cerebral ar teries, characterized by the presence of endothelial J Cereb Blood Flow Metabol, Vol. 2, No.4, 1982 cells, was identified by scanning electron micros copy. The structure of endothelial cells appeared intact for as long as 10 h after the arteries were placed in the Krebs solution at 37°C in the tissue bath ( Fig. 12, left) . Rubbing the endothelium with a stainless steel rod as described previously (Lee, 1982b) resulted in complete removal of the endo thelial cells (Fig. 12, right) .
DISCUSSION
The concept of ACh being the dilator transmitter in cerebral arteries has recently been challenged. It has been shown that the TNS-induced vasodilation of the cat cerebral arteries was not affected by at ropine, physostigmine, and hemicholinium (Lee et ai., 1975 (Lee et ai., , 1978 Duckles et ai., 1977; Lee, 1982b) . In fact, recent data strongly suggest that the nerve released ACh more likely acts as a vasoconstrictor transmitter (Lee, 198 1a, 1982b ). This conclusion is further supported by results of the present study.
About 25% of the pig cerebral arteries with en dothelium relaxed upon application of ACh at low concentration, whereas 61% of them constricted exclusively at both low and high concentrations of ACh. All the pig cerebral arteries without en dothelium (confirmed by scanning electron micros copy) constricted exclusively at both low and high concentrations of ACh. These results are consistent with previous findings in the cat (Lee, 198 1a, 1982b) and several other species (Furchgott and Zawadski, 1980) and suggest that ACh-induced vasodilation of the pig cerebral artery is also dependent on the en dothelial cells, and that the direct action of ACh on smooth muscle cells is constriction. It is surprising that the majority of the pig cere bral arteries with endothelium, regardless of brain region, constricted on application of low-concen tration ACh. Scanning electron microscopic ex amination does not reveal any appreciable dam age to the endothelial cells of these arteries. There is no apparent explanation for this lack of dilator response, which is quite different from that seen in the cat cerebral arteries with endothelium. Almost all the cat cerebral arteries with endothelium ex amined relaxed on application of low-concentration ACh (Lee, 1982b) . It is not known if this difference is due to species variation or to different anesthetics used prior to sacrificing the animals. In this regard, it is important to keep in mind that the pig has been widely used as an animal model for studying athero sclerosis (Dodds, 1982) . The lack of vasodilation of the artery with endothelium on application of ACh may suggest a possible unusual relationship be tween endothelial cells and smooth muscle cells, or else the functional feature of the endothelial cells in the pig cerebral artery is indeed unusual. While ACh induced both constriction and dilation of the pig cerebral arteries with endothelium and only constriction of arteries without endothelium, the TNS exclusively induced dilation in almost all arteries with or without endothelial cells. This dis sociation between the TNS-induced vasodilation and the ACh-induced vasoconstriction (in some ar teries with endothelium and all arteries without en dothelium) provides strong evidence that ACh is not the dilator transmitter.
Similar to findings in the cat cerebral arteries (Lee, 1982b) , the TNS-induced relaxations are not smaller but greater in the arteries without en dothelium. The reason for this is not known. How ever, it suggests that the TNS-induced relaxation does not depend on or involve the release of a re laxing substance from the endothelial cells. There- fore, it is unlikely that the nerve-released ACh will induce vasodilation indirectly through the endo thelial-cell mechanism. Our preliminary result in dicates that the pig basilar, middle cerebral, and minate at the adventitial layer, as seen in other species (Owman et aI., 1974; Lee et aI., 1980; Lee, 1981b Lee, , 1982a . Such a wide separation between nerve and endothelial cells has ruled out the possi bility that the nerve-released ACh is effective in reaching the endothelial cells to indirectly induce vasodilation (Lee, 1982b) . Indeed, the TNS-induced vasodilation of arteries with or without endothelium was not affected, but the constriction and dilation induced by exogenous ACh were blocked by at ropine. Thus, consistent with observations in the cat, ACh is not a dilator transmitter but is more likely a constrictor transmitter in the pig cerebral arteries. The failure of atropine to affect the TNS induced vasodilation may therefore be due to the fact that the synaptic concentration of ACh on TNS is lower than the threshold concentration for in ducing a constrictor response.
NE has been known to induce constriction and dilation of systemic blood vessels through its re spective actions on a-and f3-receptors on smooth muscle cells. The action of NE on a-mediated con striction of the major cerebral blood vessels at the base of the brain has also been shown to be pre dominant in several species, and, therefore, NE has generally been assumed to be the vasoconstrictor transmitter (Owman et aI., 1974; Kuschinsky and Wahl, 1978; Lee et aI., 1980; Lee, 1982a) . In this study, however, NE consistently relaxed the pig ce rebral arteries at low concentration and constricted them at high concentration. A similar result was reported by Winquist and Bohr (1980) . Both relaxa tion and constriction were blocked by propranolol and phentolamine, respectively. In fact, the NE induced vasoconstriction was potentiated in the presence of propranolol. These results suggest that vasodilation is mediated by f3-receptors and con striction by a-receptors. Unlike that induced by ACh, the NE-induced vasodilation was not affected by removal of the endothelial cells. This was evi denced by the similarity of the NE dose-response curves in arteries with and without endothelial cells. These results suggest that NE-induced vasodilation and constriction are independent of the endothelial cells, but are mediated by direct stimulation of re spective ,13-and a-receptors on smooth muscle cells. It is obvious that the f3-receptor is predominant in the large cerebral arteries of the pig. This is differ ent from results reported in most species. In the presence of active muscle tone, the cat, dog, and human cerebral arteries relaxed on application of
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' .,' � t , ' ,I 'J . , T ' , isoproterenol only after the a-receptors were previ ously blocked (Toda, 1974; Edvinsson and Owman, 1974; Edvinsson et aI., 1976) , and witout a-receptor blockade, isoproterenol and NE still constricted the rabbit basilar artery (Duckles and Bevan, 1976) and the cat cerebral arteries (present results), respec tively.
Results from fluorescence histochemical study and biochemical assay demonstrate that the pig ce rebral artery receives dense adrenergic innervation and that NE is the primary catecholamine. After chronic reserpine pretreatment, the NE content (Lee, unpublished observations) and glyoxylic acid -induced catecholamine fluorescence drasti cally decrease. Therefore, it is quite possible that NE released from the adrenergic nerves may be re sponsible for or involved in the TNS-induced vaso dilation. Surprisingly, the TNS-induced vasodila tion is not affected appreciably by propranolol and J Cereb Blood Flow Metabol, Vol, 2, No. 4, 1982 guanethidine. In the presence of high concentra tions of propranolol (10 JLM), the arteries with and without endothelium constrict exclusively on appli cation of NE at all concentrations tested, while the TNS-induced relaxation remains unaffected. Fur thermore, when the endogenous catecholamine is depleted by chronic reserpine pretreatment (as shown by disappearance of catecholamine fluores cence), the TNS-induced relaxation still persists. These results suggest that NE is not responsible for or involved in the TNS-induced vasodilation. In this regard, it is possible that on TNS the synaptic con centration of nerve-released NE is also lower than the threshold concentration for vasodilation (3 x 1O-7M) , and, therefore, is insufficient to induce a response through f3-or a-receptors on the muscle cell. This is compatible with the finding that TNS does not elicit vasoconstriction of the cat large ce rebral arteries, in which NE is considered a con- portions of endothelial cells (Ee) overlying the nucleus in the endothelium of unrubbed arteries (left). In rubbed endothelial artery (right), endothelial cells are absent. Arterial segments were fixed at the end of the in vitro tissue bath study. In those arterial preparations, the number of vacuoles (arrow head) are usually found to be higher than in those tissue preparations fixed before in vitro tissue bath study. SM, smooth muscle; scale bars represent 50 /-Lm. strictor transmitter (Owman et aI., 1974; Lee et aI., 1978; present results) .
The observation that the TNS-induced vasodila tion of the cerebral arteries of the pig and several other species (Lee et aI., 1975 (Lee et aI., , 1978 Duckles et aI., 1977; Lee, 1982a, b) is not affected by interruption of both adrenergic and cholinergic transmission suggests the presence of a nonadrenergic, non cholinergic vasodilator transmitter. Several lines of evidence have suggested that vasoactive intestinal polypeptide (VIP) is the potential cerebral vaso dilator transmitter (Larsson et al., 1976; Edvins son et aI., 1980; Duckles and Said, 1982) . Top ical application (Wei et aI., 1980; McCulloch and Edvinsson, 1980) , intravascular administration (McCulloch and Edvinsson, 1980; Heistad et aI., 1980) , and ventriculocisternal perfusion (Wilson et aI., 198 1) with VIP caused cerebral vasodilation and increased cerebral blood flow. Indeed, VIP re laxes the isolated cerebral arteries of the pig and cat, with or without endothelial cells (Duckles and Said, 1982; Lee, unpublished observations) . How ever, the involvement of VIP as the dilator trans mitter in TNS-induced vasodilation is not determined because the specific receptor antagonist for VIP is unavailable. In addition to VIP, substance P-like immunoreactivity has recently been shown to be present in nerve fibers of the cat cerebral arteries, and substance P, exogenously applied, causes vaso dilation of cat pial arteries in vitro and in situ (Ed vinsson et al., 1981) . The role of substance P as the dilator transmitter therefore deserves further inves tigation.
Although the transmitter roles of ACh and NE in controlling pig cerebral circulation in vivo have not been determined, the demonstration, using an iso lated preparation, that NE is a potential dilator transmitter in the major cerebral arteries suggests that the neurogenic sympathetic control of pig cere bral circulation can be different from that in other species such as cat, rabbit, dog, and human. In ad dition, the characteristic of the pig cerebral vascular smooth muscle cells may also be unique in that the SPC of the arteries is frequently seen. Accordingly, the pig may be an interesting model for studying and contrasting the nature of neurogenic control of brain circulation.
Results of the present study also indicated that, on TNS, besides vasodilation, occasional vaso constriction and no response were observed. The vasoconstriction was not examined due to limited samples. These results suggest that the pattern of neurogenic response of the pig cerebral arteries, like that of other species (Lee, 1982a) , is variable in different brain regions.
